Introduction
Schistosomiasis is an ancient infection of man. 1 Nigeria is among 54 countries in Africa in which the disease is endemic, with an estimated 11 million people infected. 2, 3 It is associated with water resource development projects, such as dams, irrigation schemes, and rice and fish farming. It principally affects people who are unable to avoid contact with water because of agricultural, domestic and recreational needs, or those who lack a reliable source of safe drinking water. Human infection with schistosomes is initiated with human contamination of freshwater habitats that harbour the intermediate snail hosts with viable schistosome eggs present in the urine or a stool, depending on the schistosome species. The hatched miracidia develop and penetrate the susceptible snail intermediate hosts, and later develop into infective cercaria. The migration of infective cercaria from the snail and the subsequent penetration of human skin during water contact with the infected river ensures continued transmission of the disease. 4 Ramsay 5 reported that urinary and intestinal schistosomiasis was probably restricted to northern Nigeria, but subsequent reports showed wide distribution in all parts of the country. [6] [7] [8] [9] [10] [11] Several studies have shown a relationship between schistosomiasis, water supply and human behaviour. 7, [12] [13] [14] [15] [16] [17] [18] [19] Most intermediate host snails are known to adapt to a broad range of environmental conditions, like temperature, rainfall and salt concentrations. 20, 21 In Nigeria, the drought of 1972-1973 dramatically changed government policy on agriculture and water conservation. Large-scale irrigation became a priority, and river impoundment was seen as the only means through which this could be achieved. In 1973, the old Oyo State government constructed a dam at Eko-Ende for water supply to Osun; now the Osun State of Nigeria. In 1989, the state government created another dam at Owalla to supplement the water supply to the Ede water works on the Erinle River.Within three decades of dam development in Nigeria, evidence of its implication for schistosomiasis transmission began to emerge from the north to other parts of the country. 7, [22] [23] [24] [25] [26] [27] Moderate environmental conditions (physicochemical conditions and phytoplanktons) pertaining to the dams that ensure the survival of the intermediate snail hosts, and frequent water contact by the residents around the dams as a result of their domestic and occupational activities, have been observed as major factors that favour the transmission of human schistosomiasis in major dams in Nigeria. 28 Following frequent reports of primary haematuria in the communities surrounding the Erinle and Eko-Ende Dams, a survey of urinary schistosomiasis was carried out at Ilie, near to Erinle Dam. 10 Preliminary reports on urinary schistosomiasis in the two villages around the dams revealed a high prevalence of the disease in the study area (over 50%). 9, 10, 14, 25 These studies provide impetus and thrust for in-depth studies on an understanding of local factors affecting the transmission of urinary schistosomiasis in the communities around the two dams. The application of molecular tools to diagnose study participants with Schistosoma haematobium infection in the communities around the two dams would also lend support to epidemiological data generated on the current status of the infection, with the aim of achieving effective Schistosomiasis is an endemic disease in many parts of the world and the disease is associated with water resource development projects, such as dams, irrigation schemes, and rice and fish farming. The present study was designed to determine the prevalence and intensity of urinary schistosomiasis in five communities around the Erinle and Eko-Ende Dams in Osun State, Nigeria, using dipstickhaematuria, and parasitogical and molecular techniques. A total of 462 participants were screened, of whom 46.3%, 51.1% and 61.5% tested positive when using haematuria, microscopy and PCR respectively. The highest prevalence of the infection and intensity was in Illie (Erinle Dam), while Eko-Ajala (Eko-Ende Dam) had the least. Using analysis of variance and chi-square tests, the differences in the prevalence and intensity of the infection between the five communities was statistically significant (p-value < 0.05). The prevalence and the intensity of the infection was higher in communities around Erinle Dam when compared with those around Eko-Ende Dam, but the differences were not significant (p-value > 0.05). The high prevalence and intensity of the infection of schistosomiasis around the two dams underscores the need for urgent public health measures, such as appropriate treatment and the provision of motorised boreholes.
control plans in the area. Therefore, the present study was designed to determine the prevalence and the intensity of urinary schistosomiasis in five communities around the Erinle and Eko-Ende Dams, located in Osun State, Nigeria, using dipstickhaematuria, and parasitological and molecular techniques.
Method
The study area
The study area lies between latitude 7°44' and 7°57' north and longitude 4°26' and 4°41' east of the Greenwich Meridian. The Erinle Dam is an extension of the old Ede Dam on the Erinle River and Eko-Ende Dam on the Otin River. 29 The Erinle and Eko-Ende Dams are situated in Olorunda and Irepodun, local government areas, respectively, in Osun State, Nigeria. The two dams are surrounded by five communities; Ilie, Oba, OkeOree (Erinle Dam), Eko-Ende and Eko-Ajala (Eko-Ende Dam). Each of the communities has a primary school for elementary education and is provided with lever-operated borehole pumps. The boreholes have been abandoned by many residents of the community following complaints of body fatigue after the use thereof. Thus, residents prefer to visit the dam for their domestic needs. The dams are also used for swimming, fishing and washing by the residents. All of the communities around the dams have access to a primary healthcare centre, except Oke-Oree. The communities lack a sewage disposal system, i.e. toilets. Therefore, community members defaecate and urinate in the bush and in the dam water.
Selection of the study participants
The community primary school in each of the five study communities was selected for the study. Pupils from a selected age group (5-16 years) represented the most vulnerable age group with respect to schistosomiasis.
Ethical clearance
Ethical clearance and approval was obtained from Osun State Ministry of Health and the Ethical Committee of Ladoke Akintola University of Technology Teaching Hospital, Osogbo, Osun State. Informed consent was also sought and obtained from the communities and subjects in the study. An informed consent form was administered to the pupils, with the permission of the parents. Any refusal was recorded as an exclusion.
Mobilisation and advocacy visits
The head of each community was informed and mobilised with regard to the study with the help of personnel from Osun State Ministry of Health and the local government. After obtaining permission from the heads, community residents were also mobilised.
Sample collection
Pupils in the primary schools in the selected communities were invited to participate in the study. Exclusion criteria included pupils aged five years and younger, menstruating girls at the time of urine collection and refusal to provide consent, either by the parents or the pupils. Demographic data were recorded on the recruited pupils, and unique identification numbers assigned. Approximately 200 ml of urine was collected in a sterile wide-mouthed bottle (correctly labelled with a corresponding identification number) from participants between 10h00 and 14h00 on the collection days, as previously described. 30 Haematuria was detected in the field using commercial biochemical dipstick reagent strips (Boerhninger Mannheim, Germany), and the sample bottles were immediately transported to the laboratory in black polythene for further analysis.
Parasitological examinations

Microscopical examination of the urine
Diagnosis of urinary Schistosoma haematobium eggs was performed by microscopy. 31 Ten millilitres of urine were centrifuged at 2 000 rpm for five minutes, in order to concentrate the schistosome eggs. The deposit was examined microscopically using x 10 and x 40 objectives for the characteristics of eggs, as described by Piekarski. 31 The number of eggs per 10 ml of urine was recorded.
Urine samples for the molecular studies
Urine cell pellet preparation
Each urine sample was centrifuged at 5 000 g for 10 minutes. The supernatant was decanted and the cell pellets were washed three times with 25 ml phosphate buffer saline (0.8% NaCl, 2.7 mMKCl, 1.8 mM KH 2 PO 4 , 8 mM Na 2 HPO 4 , pH 7.4). The cell pellets were stored immediately at −80 °C until used, as previously described. 18 
Molecular screening of the urine samples
Genomic DNA was extracted from the pellet using phenol-chloroform, as described earlier. 18 The genomic DNA was subjected to polymerase chain reaction (PCR) amplification of the schistosome Dra1 repeat sequence, using forward primers 5'GATCTCACCTATCAGACGAAAC3', and reverse primers, 5'TCACAACGATACGACCAAC 3', as previously described. 27 The PCR cycling conditions consisted of 90 °C for five minutes for one cycle, followed by 35 cycles of 95°C for 30 seconds and 72 °C for 30 seconds. The reaction was completed by incubation at 72 °C for seven minutes. The PCR amplicons were subjected to electrophoresis on ethidiumbromide-stained 1.5% agarose gel at 100 volts for 50 minutes, and documented using a gel documentation and analysis system (Clinx Science Instruments, USA).
Statistical analysis
The obtained data were subjected to analysis of variance to compare any significant variations in each of the parameters measured. The analysis was performed using SPSS ® version 16.
Results
Prevalence of Schistosoma haematobium
The prevalence of S. haematobium, as determined by haematuria, schistosomeova detection and PCR, is presented in The difference in the prevalence of infection for the diagnostic methods was statistically significant within the five communities (P 0.006, p-value < 0.05).
The infection was higher in Erinle Dam (48.7% haematuria, 52.8% schistosome ova and 63.5% PCR) than Eko-Ende Dam (41% haematuria, 47.2% schistosome ova and 56.9% PCR). All of the three diagnostic techniques showed that more males than females were infected, except haematuria, which revealed a higher prevalence in females than males. However, the variation in infection status in both the sexes was not significant (P > 0.05, p-value 0.071) ( Table II) . Table III presents the intensity of S. haematobium in the five study communities around Erinle and Eko-Ende Dams. Overall, the results showed that 147 (62.3%) schoolchildren had light infections, while 89 (37.7%) had heavy ones. This was also the situation for community-wise analysis of the infection. Light and heavy infections were considered to be 1-49 eggs/10 ml of urine and 50 and more eggs/10 ml of urine, respectively. Differences in the intensity of the infection between the communities were statistically significant (P 0.0001, < 0.05).
The intensity of Schistosoma haematobium infections
Pupils from the communities around the two dams had varying intensity of infection based on absolute egg count per 10 ml of urine which ranged from 1-360 eggs, and based on arithmetic mean egg count per 10 ml of urine, which ranged from 2.7-188.5 eggs. The arithmetic mean egg count increased in pupils aged five years and older with 25.6 eggs per 10 ml of urine, with a peak at 10 years of age of 188.5 eggs per 10 ml of urine, which drastically reduced to 2.7 eggs per 10 ml of urine in pupils aged 16 years (Table IV) . There was a significant positive correlation (r = 0.760, p-value < 0.05) between age progression and arithmetic mean egg count per 10 ml of urine. Generally, a higher intensity of infection was reported in males (126.7 mean ova/10 ml of urine) than females (68.4 mean ova/10 ml of urine) in this study.
Discussion
Community estimations of the prevalence of schistosomiasis usually target schoolchildren, possibly because of the their vulnerability and acquired immunity in comparison to adults. 9, 10, [32] [33] [34] [35] [36] [37] Variations in the Light infection: 1-49 eggs/10 ml of urine (P < 0.05) Heavy infection: 50 eggs and more/10 ml of urine 4 prevalence and intensity of schistosomiasis in endemic communities have been associated with differences in the level of exposure of the respondents. 7, 9 The significant variations observed with regard to the prevalence of infection in the five communities may be attributed to differences in the level of exposure of the pupils to the dams, as human water contact activities have demonstrated variation within the villages. 38 The results of two of the three diagnostic techniques used showed that males were more infected than females, but the difference was not significant.
The intensity of infection was high in the study area. Intensity of infection is measured as the number of eggs per 10 ml of urine sample. Some of the students excreted over 350 eggs/10 ml urine, indicating high intensity of infection. The higher intensity in the age group 5-13 years was probably because children in this age group frequently visited the dams to swim, fetch water and fish. These observations are similar to results obtained elsewhere. 14, 34, 37, 39 The prevalence rate in the study area is relatively high, based on the World Health Organization (WHO) standard that uses a microscopic egg count method. Prevalence less than or equal to 25% is termed "moderate", while that higher than 25% is termed "endemic". 4, 40 The prevalence obtained in the five communities around Erinle and Eko-Ende showed that the disease was highly endemic. The results showed that the trend of transmission has continued unabated with an increase in the prevalence of infection when compared with results obtained from an earlier survey in one of the communities (Ilie). This entailed a survey of schoolchildren aged 5-16 years. 10 A 51.1% prevalence was obtained by microscopy, and this is comparable with the results of other workers who also used microscopy to determine the prevalence of infection in this area. 9, 13, 14 The utilisation of a molecular technique as a diagnostic tool in the present work adds value to understanding the true epidemiological status of infection around the two dams, as some of the participants who had hitherto been undiagnosed when other methods were used, tested positive when PCR was employed. Some participants might have been exempted from praziquantel treatment if reliance was placed upon diagnostic methods other than PCR, including the microscopic egg count method, which has been recommended as the gold standard by the WHO. However, they were treated after being confirmed positive by PCRDra 1 screening. Similar observations have been reported elsewhere. 18 Nigeria and many other countries in the West African subregion still lack effective programmes to ensure sustainable schistosomiasis control or eradication. The results obtained in this study suggest that there is a need for an integrated control plan in these communities. This could be achieved through the provision of public toilets which would encourage the proper disposal of faeces and urine. Health education and the provision of a safe recreational water source for children and a solar-or electric-powered, motorised pipe-borne water supply for household use, coupled with an annual mass distribution of praziquantel, would also assist in combatting the increasing trend of schistosomiasis around the two dams. Further studies on local factors that promote the transmission of urinary schistosomiasis in the study area are imperative for a proper understanding of the epidemiology of the disease in the area, and in planning effective public health enlightenment with regard to the aetiology of the infection.
